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ABSTRACT A line of White Leghorn chickens was se-
lected for high group productivity and longevity resulting
in improved survival and feather score as well as reduced
cannibalism and flightiness. Improvements in survival
might have also been due to improved immunity. The
present study was designed to test the hypothesis that
selection for high (HGPS) and low (LGPS) group produc-
tivity and survivability also altered immune and hemato-
logical parameters. The LGPS line was an intense reverse
selected line of the HGPS line at the eighth generation of
development. Hens were randomly assigned to individ-
ual cages at 17 wk of age. Blood samples were collected
from the hens at 21 wk of age. Subsets of T lymphocytes
(CD4+, CD8+, and γδ cells) were measured using flow
cytometry. Concentrations of plasma IgG were quantified
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INTRODUCTION

Cannibalism and aggression are among the major stres-
sors of poultry that cause suffering and death. Current
management techniques used to overcome these problems
cause the chickens to suffer (beak trimming) or inhibit
natural behavior (extremely low light levels); neither man-
agement practice is consistent with animal well-being. Se-
lective breeding of chickens for kinder and gentler domes-
tic behavior could provide an alternative approach to ad-
dress these problems and improve avian well-being.

A selected line of White Leghorn chickens was devel-
oped at Purdue University (Muir, 1996; Craig and Muir,
1996; Muir and Craig, 1998) using a genetic selection pro-
gram termed “group selection@qR that emphasized group
productivity and survivability of families housed together
in colony cages. Group productivity was based on average
rate of lay, and longevity was based on average mortality.
Chickens were not beak-trimmed but were kept at 12 hens
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with western blot analysis and immunoprecipitation
assay. Hematological parameters were collected from
blood smears.

The HGPS hens had significantly higher percentages
of blood lymphocytes and CD4+:CD8+ ratios of circulating
T cells (P < 0.01) and tended to have more, but not signifi-
cantly, γδ T cells (P = 0.07) than the LGPS hens. In contrast,
the LGPS hens exhibited eosinophilia and heterophilia
and greater heterophil:lymphocyte ratios (P < 0.01). The
concentrations of plasma IgG were also significantly
higher in the LGPS hens (P < 0.01). These results suggest
that genetic selection for group productivity and longev-
ity also alters the immunological and hematological sys-
tems of hens. The line difference in regulation of T cells,
leukocytes, and production of IgG may suggest that dif-
ferent genes or modes of gene action are involved.

per cage; lights were at high intensity. The birds genetically
selected for high group productivity and survivability
(HGPS; previously termed the kinder, gentler bird or KGB)
has been shown to improve rate of lay, survival, and
feather score as well as reduced cannibalism and flightiness
as compared to the unselected control base population
from which the line was developed (Craig and Muir, 1996).
Compared to control and commercial lines, the HGPS line
also had better and faster adaptation to various stressors
such as social, handling, cold, and heat stress (Hester et
al., 1996b,c). Improvements in survival and greater resis-
tance to stress in the HGPS line might have also been due
to improved immunity.

The immune system of chickens, as in other animals, is
controlled by genes and genetic-environmental interac-
tions (Gavora, 1993; Siegel, 1995). Several studies have
demonstrated that immune response can be directly or
indirectly modified by selective breeding, such as antibody

Abbreviation Key: HA = chickens genetically selected for high anti-
body response to SRBC; H:L = heterophil:lymphocyte; HGPS = chickens
genetically selected for high group productivity and survivability; LA
= chickens genetically selected for low antibody response to SRBC; LGPS
= chickens genetically selected for low group productivity and surviv-
ability.
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responses to Escherichia coli (Yonash et al., 1996; Yunis et
al., 2000), Necrotic enteritis (Siegel et al., 1993), and SRBC
(Siegel and Gross, 1980; Martin et al., 1989), and mitogen-
induced T-cell proliferation (Cheng and Lamont, 1988;
Kreukniet et al., 1994) as well as phagocyte activities of
natural killer cells and macrophages (Cheng and Lamont,
1988; Qureshi and Havenstein, 1994). Differences in immu-
nity may be associated with strain differences in chickens’
physical indexes, such as growth rate and egg production,
and also affects well-being, such as resistance to infection
diseases (Gross and Siegel, 1980; Siegel et al., 1984, 1993;
Warner et al., 1987; Bayyari et al., 1997; Nestor et al., 2000).
These immune-physical interactions may be affected by
prior selection or genotypes involved. For example, diver-
gent selection of chicken lines for high (HA) or low (LA)
antibody response to SRBC also divergently affects other
physiological characteristics (Siegel and Gross, 1980; Boa-
Amponsem et al., 1999; Yang et al., 2000). The HA line
chickens has a reduced immunity, higher susceptibility to
E. coli infection, and lower body weights. Bayyari et al.
(1997) also reported that genetic selection for faster growth
in turkeys potentially affects immunity. These studies sug-
gest that selective breeding in chickens based on one char-
acteristic, such as IgG or body weight, could affect other
genes or systems that associate with physiological charac-
teristics unique to the line in response to stimulation. How-
ever, few studies have been designed to investigate the
interrelations among genetic factors, domestic behaviors,
and immunity in chickens, which is a critical issue for
preventing infections and harmful behaviors associated
with welfare problems in the poultry industry (Mench
1992; Craig and Swanson, 1994; Dietert et al., 1994; Siegel,
1995; Bumstead, 1998).

Changes in chicken behaviors and performance, re-
sulting from selective breeding, are reflected in changes in
their physiological homeostasis, including immune system
(Sandi et al., 1992). However, except for the study by Hester
et al. (1996a) comparing humoral immune response to
SBRC challenge in the HGPS line and control lines, geneti-
cally induced changes in immunity of the HGPS line and
chickens selected for low group productivity and surviv-
ability (LGPS) have not been well documented. The objec-
tives of the present study were to physiologically charac-
terize HGPS and LGPS lines and to determine the effect
of genetic selection on the immunological and hematologi-
cal parameters.

MATERIALS AND METHODS

Genetic Lines

The ninth generation of the HGPS and LGPS lines were
used as the genetic material for this research. The HGPS
line was produced from hens of 12 multiple-hen cages
with the highest group productivity (number of eggs) and
lowest mortality at 72 wk of age (after 52 wk of production),
along with their full- and half-sib brothers. The LGPS line
was developed from hens of 12 cages with the lowest
group productivity and highest mortality, along with their

full- and half-sib brothers. The line differences in produc-
tivity and survivability (Cheng et al., 2001), and the detail
of the selection technology and rearing program, has been
previously reported (Muir, 1996).

Pullets of each genetic line were reared under the same
conditions, i.e., hatched, vaccinated for Marek’s and New-
castle diseases, and maintained using standard manage-
ment practices in raised wire cages up to 17 wk of age. At
17 wk of age, hens from each genetic line were randomly
assigned to individual cages, each providing 1,085 cm2 per
hen. The hens of both lines were not beak-trimmed and
were kept in multiple-hen cages in the same room during
the entire experimental period. Feed and water were pro-
vided ad libitum. Overhead lights were on daily from 0700
until 1900 h initially and were increased by 15 min/wk.
The photoperiod was 13 h daily when the study was per-
formed.

Chicken care guidelines were in strict accordance with
the rules and regulations set by Federation of Animal Sci-
ence Societies (Craig et al., 1999). Experimental protocols
were approved by the institutional Animal Care and Use
Committee at Purdue University. Efforts were made to
minimize animal suffering and the number of animals
used.

Blood Sampling

Based on the previous investigations (Craig and Muir,
1996) the major categories of behavioral adaptations were
stable after 3 wk of housing. At 21 wk of age, or after 4
wk of housing, 24 hens each from the HGPS and LGPS
lines were sampled. A 5-mL blood sample was collected
from the brachial vein within 2 min of removing the hen
from its cage. The heparinized blood was stored on ice.
Blood samples were centrifuged at 700 × g for 15 min at
20 C. Plasma was used for analysis of IgG, and the white
cells were used for analysis of subsets of T lymphocytes.

Quantitative Analysis of Blood Parameters

Duplicate blood smears were prepared from unheparin-
ized blood samples by using a cover glass technique and
were stained within 1 h of preparation with Wright’s stain
(Campbell, 1988). A double-blind design was used for the
cell counts. Two hundred leukocytes on each duplicate
slide were examined at 2,000× magnification. Heterophils,
lymphocytes, monocytes, basophils, and eosinophils were
identified based on their characteristics described by
Campbell (1988), from which the heterophil to lymphocyte
(H:L) ratio was calculated (Gross and Siegel, 1983).

Flow Cytometry Analysis
for Subsets of T Cells

Flow cytometry analyses of T lymphocytes, including
CD4+, CD8+, and γδ cells, were performed with slight modi-
fication as previously described (Eicher-Pruiett et al., 1992;
Boeker et al., 1999). Peripheral blood lymphocytes were
isolated from the buffy coat layer of the centrifuged blood
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sample. The cell number was counted using a Coulter Z1
cell counter,2 and then cells were resuspended in Rose
Park Memorial Institute medium 16403 at 1 × 106 cells/
mL. A 200-µL aliquot of the cell suspension of each sample
was added to separate tubes for the T cell determination by
using directly conjugated fluorescein isothiocyanate and
phycoerythrin antibodies.4,5 Labeled cells were measured
using a Coulter XL MCL flow cytometer2 with a 488 nm
air-cooled argon laser for excitation, a 525 band pass for
fluorescein isothiocyanate labels, and a 575 nm band pass
for phycoerythrin detection.

Immunoprecipitation Assay
for Concentrations of Plasma IgG

Concentrations of blood IgG were measured in triplicate
using a chicken IgG immuno-diffusion assay kit6 by follow-
ing the protocol supplied by the company. Five microliters
of 10× diluted sample plasma and two known standard
Solutions A and B were separately added to wells of IgG
gel plates containing specific antiserum to chicken IgG.
Two wells containing no test serum were included on each
plate as negative controls. After incubation at 37 C for 48
h, the precipitation ring was measured, and concentrations
were determined as compared to the standards.

Western Blot Analysis for IgG

Western blots were analyzed in duplicate with slight
modification of the protocol as described previously (Cha-
manza et al., 1999; McNeill et al., 1999). Ten microliters
of a 10× diluted sample plasma, commercially purified
chickens IgG,7 and molecular weight marker were dena-
tured at 96 C for 3 min and electrophoresed constantly in
a 10% SDS-polyacrylamide gel. Separated proteins on the
gels were examined after Coomassie blue staining. For
immunoblotting, the separated proteins were transferred
to nitrocellulose membranes. The membranes were
blocked with 5% nonfat dry milk in Tris-buffered saline
and then incubated in primary antisera (rabbit anti-chicken
IgG7), followed by horseradish peroxidase conjugated sec-
ondary antibody (Goat anti-rabbit IgG7) in Tris-buffered
saline containing 0.2% Tween-20.

Visualization of the site of antigen-antibody complex
was carried out with enhanced chemiluminescence solu-
tion and hyperfilm8 according to the procedure supplied
with the kit. Blots were quantified by computer-assisted
video densitometry9 as described previously (McNeill et
al., 1999). The results were expressed as a concentration

2Coulter Inc., Kennesaw, GA 30144.
3Life Technology, Inc., Frederick, MD 21704.
4Southern Biotechnology, Inc., Birmingham, AL 35226.
5B&D PharMingen, San Diego, CA 92121.
6Cardlotech Services, Inc., Louisville, KY 40205.
7Jackson Immunoresearch Laboratories, West Grove, PA 19390.
8Amersham Pharmacia Biotech., Piscataway, NJ 08855.
9Kodak digital science 1D image analyzer software, Eastman Kodak

Company, Rochester, NY 14650.

index that was calculated by dividing the optical density
of samples by the optical density of commercially purified
chicken IgG.

Statistical Analysis

The experimental design was completely randomized
with genetic lines as the main effect. Results were assessed
statistically using one-way ANOVA with the cages as the
experimental unit. Percentage data for the leukocyte counts
was transformed to arc sine (Steel and Torrie, 1980). Actual
and transformed values for physiological variables were
assessed using ANOVA. Because statistical trends were
similar for the transformed and untransformed data, the
untransformed results are presented.

RESULTS

Genetic Selection-Induced Alterations
in Hematological Parameters

The HGPS hens, as compared to the LGPS hens, had a
significantly higher percentage of blood lymphocytes (Ta-
ble 1; P < 0.01) but a significantly lower percentage of
heterophils (P < 0.01). As a result of the shift in the differen-
tial counts, the H:L ratio was significantly lower in the
HGPS line than in the LGPS line. The LGPS hens also
exhibited a greatly higher percentage of eosinophils (P
< 0.01) than the HGPS hens. There were no significant
differences between the lines in the percentages of mono-
cytes and basophils.

Genetic Selection-Induced Alterations
in Subsets of T Cells

The phenotypes of T lymphocytes were measured using
flow cytometry (Figure 1). There were no significant differ-
ences of the percentage of CD4+ T cells between the lines
(Table 2; P = 0.1), but the percentages of CD8+ T cells were
significantly lower in the HGPS hens compared to the
LGPS hens (P < 0.01). As a result of the shift in the differen-
tial subsets of T cells, the ratio of CD4+ to CD8+ T cells
was significantly higher in the HGPS line than in the LGPS
line (P < 0.01). Compared to the LGPS hens, the hens of
the HGPS line tended to have a higher percentage of γδ-
positive T cells (16.1 vs. 12.2; P = 0.07).

Genetic Selection-Induced Alterations
in Plasma IgG Concentrations

A band (∼67 kDa) was present in the SDS-PAGE of all
plasma samples examined (Figure 2a). The band was later
identified as IgG, which matched the band prepared from
commercially purified chicken IgG (Figure 2). The optical
density for each IgG band on the immunoblots was mea-
sured. Results showed that LGPS hens had significantly
higher concentrations of plasma IgG than the HGPS hens,
which was confirmed by immunoprecipitation assay (Ta-
ble 3; P < 0.01).
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TABLE 1. Genetic selection-induced alterations in the differential leukocyte counts in hens

H:L ratio
Line1 Heterophils2 (H) Lymphocytes (L) (× 100) Monocytes Eosinophiles Basophils

HGPS 10.7b ± 1.13 83.4a ± 1.3 13.0b 2.6 ± 0.4 1.7b ± 0.2 1.6 ± 1.1
LGPS 20.4a ± 1.8 72.3b ± 1.8 29.4a 2.1 ± 0.4 3.8a ± 0.4 1.4 ± 0.2
HGPS:LGPS 53% 115% 44% 124% 45% 114%

a,bMeans within a column with no common superscript differ significantly (P < 0.01).
1The HGPS and LGPS lines were selected from the control line based on high and low productivity and

survivability resulting from cannibalism and flightiness, respectively.
2Four hundred leukocytes were counted from duplicate blood smears for each hen.

DISCUSSION

The present study demonstrated that there are line dif-
ferences in the populations of T cells and leukocytes as
well as in the production of IgG in the HGPS and LGPS
chickens. Those immunological and hematological systems
are related to unique coping ability of the line to novel
environments and resistance to stressors (Craig and Muir,
1996; Hester et al., 1996a,b,c). The present results are consis-
tent with previous studies that have demonstrated that
genetic differences in productivity and social behaviors
are associated with individual difference in immunity (Pet-
itto et al., 1994; Hessing et al., 1995; Maes, 1995; Perna et
al., 1997; Hawken et al., 1998).

The ratio of CD4+ to CD8+ T cells may be used as an
indictor of cell-mediated immune response. Previous stud-
ies have reported that the normal ratio of CD4+ to CD8+ T
cells should be greater than 1.5; otherwise, cellular immune

FIGURE 1. Examples of the surface expression of the CD4+, CD8+, and γδ molecule on T cells from the HGPS (A, B, C and D) and LGPS (E, F,
G and H) hens. A, E) background cells only; B, F) CD4+ T cells; C, G) CD8+ T cells; D, H) γδ T cells. The peak (arrow) in each graph refers to
percentage of positive cells. HGPS and LGPS = hens genetically selected for high and low group productivity and survivability resulting from
reduced cannibalism and flightiness, respectively.

mechanisms are greatly impaired (Levinson and Jawetz,
1996) and survivability is damaged (Reid and Tervit, 1995).
Compared to the LGPS hens, the HGPS hens may have a
more efficient cell-mediated immunity, because the CD4+

to CD8+ ratio of circulating T cells was much higher in the
HGPS hens than that in the LGPS hens. In addition, the
percentage of several cell types involved in the cell-medi-
ated immunity tended to be greater in the hens of the
HGPS line than in the LGPS line, including monocytes
(124%) and γδ T cells (131%). Similar to the present data,
Bayyari et al. (1997) reported that in turkeys, genetic selec-
tion for faster growth affects cell-mediated immunity.
These results support the hypothesis that selective breed-
ing in chickens based on one indicator could affect other
physiological characteristics by involving different genes
or modes of gene actions.

Heterophilia and the H:L ratio have been used as physio-
logical indicators of stress in evaluation of chicken respon-
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TABLE 2. Genetic selection-induced alterations in the subpopulations of T cells in hens

CD4+ cells CD8+ cells γδ cells
Group1 (% positive) (% positive) CD4+:CD8+ (% positive)

HGPS 33.0 ± 2.12 18.2b ± 1.8 1.9a 16.1 ± 2.1
LGPS 29.3 ± 3.3 25.8a ± 1.5 1.1b 12.2 ± 2.8
HGPS:LGPS 113% 71% 173% 131%

a,bMeans within a column with no common superscript differ significantly (P < 0.01).
1The HGPS and LGPS lines were selected for high and low productivity and survivability resulting from

cannibalism and flightiness, respectively.

siveness to novel environments (Gross and Siegel, 1983;
Beuving et al., 1989; Maxwell, 1993, Hester et al., 1996c).
The HGPS hens had less heterophils and a lower H:L ratio,
which suggests that they could have a greater adaptive
capability to stress than the hens of the LGPS line. This
result is consistent with previous studies that have docu-
mented that HGPS hens exhibited better feathering score,
lower mortality, and higher reproduction in a socially
crowded environment (Craig and Muir, 1996). In addition,
the HGPS hens showed improved adaptation to various
stressors such as social, handling, cold, and heat stress
when compared to the control birds (Hester et al., 1996a,c).

FIGURE 2. Quantity analysis of chicken IgG on SDS-PAGE. A) sepa-
rated proteins on the gels were stained with Coomassie blue; B) sepa-
rated protein on the gels were detected by the Western blot analysis
plus enhanced chemiluminescence. Lane 1, prestained broad-range mo-
lecular weight marker; Lane 2, commercial chicken IgG; Lanes 3 to 5,
samples from HGPS hens; Lanes 6 to 8, samples from LGPS hens. Note
the band from samples was identical with the band prepared with
commercial chicken IgG, and size of IgG was identified approximately
at 67 kDa (arrow). HGPS and LGPS = hens genetically selected for high
and low group productivity and survivability resulting from reduced
cannibalism and flightiness, respectively.

The present findings suggest that the H:L ratio and hetero-
philia could be used as indicators for genetic selection of
chicken strains with higher resistance to stress. However,
caution is advised, although selecting for high group pro-
ductivity resulted in altered H:L ratio, the reverse may not
be true, i.e., selection for altered H:L ratio may not change
group productivity in the desired direction.

Retention of normal levels of circulating eosinophils is
associated with resistance to stress (Woolaston et al., 1996;
Hohenhaus et al., 1998), and changes in blood eosinophils
appear as a genotypic or phenotypic hallmark of physio-
logical and psychological stress reactions (Malyshev et al.,
1993; Hohenhaus et al., 1998). Their hypothesis is consistent
with the present findings that eosinophilia was exhibited
in the LGPS hens but not in the HGPS hens. These results
also suggest that number of eosinophils could be used as
an indicator of animal well-being.

Circulating eosinophils has been used as a genetic selec-
tion criterion for resistance of sheep to trichostrongyle par-
asites (Woolaston et al., 1996) and used as a phenotypic
marker of resistance to nematode parasites (Hohenhaus et
al., 1998). Selection-induced different regulation of eosino-
phils in the present chicken lines could be associated with
the selection-related alterations of the neuroendocrine im-
mune system. A correlation has been established between
alterations in blood eosinophils, corticosterone levels, and
catecholamine metabolism (Malyshev et al., 1985). As such,
injection of adrenocorticotropin hormone induces eosino-
philia in black steers (Ishizaki and Kariya, 1999) and hens
(Gray et al., 1989). Eosinopenia induced by handling and
sampling can be blocked by adrenalectomy and hypophy-
sectomy in rats (Treloar, 1977).

Plasma IgG was upregulated in the LGPS hens but not
in the HGPS hens. This result is consistent with the belief
that alterations in IgG synthesis are a common response

TABLE 3. Genetic selection-induced alteration
in blood concentration of IgG

Western blot analysis Immunoprecipitation
Group1 (concentration index) assay (mg/mL)

HGPS 1.2b ± 0.072 7.5b ± 0.07
LGPS 1.4a ± 0.06 10.8a ± 0.7
HGPS/LGPS 86% 69%

a,bMeans within a column with no common superscript differ signifi-
cantly (P < 0.01).

1The HGPS and LGPS line were selected for high and low productivity
and survivability resulting from cannibalism and flightiness, respec-
tively.
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of B cells to genetic selection in birds and mammals (Ham-
merling et al., 1973; Siegel and Gross, 1980; Siegel et al.,
1982; Van der Zijpp et al., 1983; Clark et al., 1996). The
mechanisms underlying inherent higher IgG concentra-
tions in the LGPS hens could be related to the lower ratio
of CD4+ to CD8+ T cells. Although CD4+ T cells induce B
cell production of antibodies (T cell-dependent response),
antibody production can be suppressed by inhibitory lym-
phokines released by CD4+ T cells (Levinson and Jawetz,
1996). In addition, the higher levels of IgG can occur with-
out involvement of T cells (T cell-independent response);
memory B cells are not required (Levinson and Jawetz,
1996). Without an immune challenge, it cannot be assumed
that the LGPS hens have fewer memory B cells, but Boa-
Amposem et al. (1999) have shown that in response to
booster inoculation with SBRC, the chickens of their HA
line exhibited significantly lower immunological memory
than chickens of the LA line.

The present study showed there were a negative correla-
tion between total IgG concentrations and productivity
and survivability in the present strains. Higher concentra-
tions of IgG were associated with lower productivity and
survivability in the LGPS hens. Similarly, several negative
relationships have been found between genetic lines from
different species, including body weight, feeding effi-
ciency, and egg production in chickens (Siegel and Gross,
1980; Siegel et al., 1982; Van der Zijpp et al., 1983; Gross
and Siegel, 1988), milk production in dairy cattle (Detilleux
et al., 1991; Weigel et al., 1992), and levels of emotional
stress in mice (Ozherelkov et al., 1985). In chickens selected
for high and low antibody response to SRBC following
immune challenge with Marek’s disease virus, mortality
was higher in the HA line than the LA line (Tamaki 1981;
Okada and Yamamoto, 1987; Martin et al., 1989), and the
HA line was more sensitive to E. coli, Pasteurella multocida,
or both than the LA line (Gross et al., 1980; Dunnington
et al., 1991). The reason for the differing regulation of IgG
in our selected lines remains unclear, but it could be the
same cellular mechanisms as those reported for the HA
and LA lines.

The results indicate that selection for total antibody pro-
duction in the HA and LA lines altered the number of
antibody-producing cells or different subset cells involved
(Martin et al., 1989; Sarker et al., 1999). For example, The
HA line, compared to the LA line, had a reduced effective-
ness of macrophages (Gross and Siegel, 1988), lower prolif-
erative T cells (Shanks et al., 2000), and lesser immunologi-
cal memory (Boa-Amponsem et al., 1999). The changes in
T-cell subsets in LGPS hens, compared to the HGPS hens,
such as a lower CD4+ to CD8+ ratio of T cells, may produce
suitable conditions for the production of low affinity and
self-reactive antibodies (Doria et al., 1997).

It remains unclear whether the different immunological
and hematological characteristics indicate that cell-medi-
ated immunity and IgG production are controlled by inde-
pendent genes in the present lines, but previous studies
have indicated that cell- and humoral-mediated immunity
are regulated differently among different chicken geno-
types (Gehad et al., 1999). Kreukniet et al. (1994) also found

that concanavalin A-induced T-cell proliferation was
higher in the low line than in the high line, the lines being
bi-directionally selected for low or high antibody produced
against SRBC. Moreover, in their low line, they found that
the high T-cell activity was related to a genetically induced
severe decline in antibody responses to several T-cell-de-
pendent antigens (Kreukniet et al., 1992).

Similar genetic differences regulating chicken cell- and
humoral-mediated immunities were also identified by Van
der Zijpp et al. (1983) and Lamont and Smyth (1984a,b).
Although identification of genetic factors that differentiate
the dynamic regulation of the hens’ immunity in the pres-
ent selected lines is unclear, previous studies have shown
that several cellular mechanisms could be involved in the
regulation. It could be related to selection-induced changes
in physiological functions of the neuroendocrine system,
including hypothalamus-pituitary-adrenal and sympa-
thetic-medullary-adrenal axes. These changes subse-
quently influence the animal’s immungenetic expression
(Dohms and Metz, 1991).

Data from a parallel study had shown that dopamine
and catecholamines were regulated differently in the
HGPS and LGPS hens (Cheng et al., 2001). Differing regula-
tion of these monoamines have been related to stress-in-
duced alterations in behavioral adaptation and productive
performance (Summers et al., 1997). Through binding to
their receptors within immune organs and cells (Plaut,
1987), enhanced blood dopamine and catecholamines in
the LGPS line may have a suppressive effect on immunity.
Previous studies have shown dopamine and catechola-
mines as well as corticosterone suppress proliferation of
T and B cells and natural killer cell responsiveness to anti-
gens and inhibit cytokine production (Brown-Borg et al.,
1993; Hessing et al, 1995; Dunn, 1996; Wilkie and Mallard,
1999). In addition, differential regulation of immunity
could be related to selection-induced morphofunctional
changes of lymph organs and immunological cells that
have been identified in previously selected chickens. For
example, the LA chickens have larger thymuses and
smaller spleens and bursas of Fabricius than the HA chick-
ens (Ubosi et al., 1985).

In conclusion, the present investigation demonstrates
that there are line differences in the regulation of subsets
of T cells and leukocytes as well as production of IgG.
These results suggest that selection for group productivity
and longevity has also altered the hens’ immunological
and hematological systems. These differences may also be
involved in controlling productivity and longevity and in
regulating adaptability to novel environments and resis-
tance to stressors. The HGPS and LGPS lines could used
as models to investigate the molecular and cellular mecha-
nisms underlying effects of genetic factors on physiological
functions of neuroimmunoendocrine communication in
controlling productivity and longevity as related to domes-
tic behaviors.
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